ABSTRACT. Plasma lipoproteins from two female patients-patient A, 4 wk and patient B, 19 months-were examined prior to and at 1 and 5 wk after surgical correction of biliary obstruction due to choledochal cyst. The findings were correlated with standard indices of hepatic function, namely SGPT, GGTP, S'nucleotidase, serum bile salts, and total and conjugated bilirubin. Prior to surgery in both patients plasma cholesterol, phospholipid, and triglyceride were elevated; cholesterol esters were low; high-density lipoprotein (HDL) cholesterol and apolipoprotein A-I, the major protein constituent of HDL, were subnormal; most of the plasma lipids were contained in the low-density lipoprotein density region; lipoprotein-X was present. Patient B had had a relatively brief obstruction and suffered little secondary hepatic injury. One week after surgery, plasma lipid concentrations returned to normal; apoliprotein A-I increased in the HDL density region and a concomitant rise in cholesterol esters to near normal, 65%, was observed; plasma lipids were contained predominantly in HDL; hepatic function improved markedly. Patient A had had intrauterine obstruction and suffered major hepatic injury with cirrhosis. One week after surgery, plasma lipid concentrations, cholesterol esters, low-density lipoprotein lipid predominance, and hepatic function remained essentially unchanged. Five weeks after surgery, the lipoprotein levels and composition and hepatic function were near normal. In conclusion, children with biliary obstruction have lipoprotein abnormalities similar to those seen in adult patients. 
ABSTRACT. Plasma lipoproteins from two female patients-patient A, 4 wk and patient B, 19 months-were examined prior to and at 1 and 5 wk after surgical correction of biliary obstruction due to choledochal cyst. The findings were correlated with standard indices of hepatic function, namely SGPT, GGTP, S'nucleotidase, serum bile salts, and total and conjugated bilirubin. Prior to surgery in both patients plasma cholesterol, phospholipid, and triglyceride were elevated; cholesterol esters were low; high-density lipoprotein (HDL) cholesterol and apolipoprotein A-I, the major protein constituent of HDL, were subnormal; most of the plasma lipids were contained in the low-density lipoprotein density region; lipoprotein-X was present. Patient B had had a relatively brief obstruction and suffered little secondary hepatic injury. One week after surgery, plasma lipid concentrations returned to normal; apoliprotein A-I increased in the HDL density region and a concomitant rise in cholesterol esters to near normal, 65%, was observed; plasma lipids were contained predominantly in HDL; hepatic function improved markedly. Patient A had had intrauterine obstruction and suffered major hepatic injury with cirrhosis. One week after surgery, plasma lipid concentrations, cholesterol esters, low-density lipoprotein lipid predominance, and hepatic function remained essentially unchanged. Five weeks after surgery, the lipoprotein levels and composition and hepatic function were near normal. In conclusion, children with biliary obstruction have lipoprotein abnormalities similar to those seen in adult patients. These alterations are rapidly reversible with surgical relief and may be used as prognostic indicators of outcome. ( Cholestasis from intra-or extrahepatic disease is often complicated by alterations of plasma lipids, especially when it is severe and persistent (24, 25) . Characteristically, plasma concentrations of CH and PL are increased, and the plasma lipoproteins exhibit altered composition and morphology. The electrophoretic mobility of VLDL changes from pre-b to b probably because of altered apo and lipid composition. The LDL fraction becomes heterogeneous: TG-rich particles and Lp-X, stacked bilamellar discoidal particles with an outer lipid bilayer composed predominantly of a 1: I molar mixture of UC and PL and an aqueous interior containing albumin and apo C-111, appear (10, 27, 28) . HDL concentration is reduced, and abnormal discoidal HDL particles are seen. These disturbances presumably result from altered hepatic lipid metabolism, albeit the precise defects are not known.
Correctable cholestatic liver disease presents an interesting human model for studying the function of the liver in lipid metabolism: the abnormalities can be analyzed and the course of recovery studied to determine the liver's role. There have been few such studies in adults and none in children. Arnesjo et al. (3) studied the HDL abnormalities in biliary obstruction in adults by zonal ultracentrifugation and found they were reversed within about 3 wk of surgery. Other workers have found a rapid decrease in plasma PL and UC with a simultaneous increase in EC after correction of biliary obstruction (32) . Similar studies in young children are lacking because reversible extrahepatic biliary obstruction in infants is rare. Herein we detail the lipoprotein abnormalities of two pediatric patients with choledochal cysts and their rapid reversal after surgical correction.
SUBJECTS AND METHODS
Case reports. Patient A was a white female admitted at 3 wk of age for evaluation of cholestasis. The clinical and pathological features of this case are detailed elsewhere (18) . Jaundice had appeared on the 1st day of life, and by 1 wk the bilirubin was 1119 mg/100ml. Dark urine and acholic stools had been noted by the parents. The birth weight was 2585 g. The physical exam revealed a small, icteric infant with a weight of 2.95 kg. The liver was firm and enlarged to 6 cm below the right costal margin, and the spleen was 2 cm below the left costal margin. No abdominal mass was palpable.
The clinical laboratory data (see Table 1 ) documented cholestasis. Common infectious and metabolic etiologies were excluded, a percutaneous liver biopsy demonstrated biliary cirrho- The clinical laboratory data, given in Table 1 , suggested extrahepatic biliary obstruction as the cause for cholestasis. An abdominal ultrasound revealed a large cystic structure in the porta hepatis. An intraoperative cholangiogram showed a normal size gallbladder, good filling of the cystic duct, a type I choledochal cyst proximal to the cystic duct/hepatic duct junction, and slightly dilated intrahepatic biliary radicles. The cyst was resected, and a Roux-en-Y choledochojejunostomy was constructed. The liver biopsy showed biliary cirrhosis. The patient did well postoperatively with rapidly clearing icterus. Follow-up data are given in Table I . This patient has continued to do well, and a liver biopsy performed at 23 months of age showed normal liver with minimal residual portal fibrosis.
Collection of samples and sample handling. All blood samples for lipoprotein studies were collected in the fasting state in EDTA (1.5 mg/ml) tubes to which 5,5'-dithionitrobenzoic acid (I mM) was added to inhibit LCAT activity. Also, a preservative solution was added to each sample to yield a final concentration of 0.02% azide, 0.000 1 % chloramphenicol, and 0.0005% gentamicin. The plasma lipoproteins were separated as follows. The d < 1.006 g/ ml lipoproteins were isolated by centrifugation for 17 h in an SW 50.1 rotor (2 x lo6 g-min) in a Beckman ultracentrifuge (Beckman Instruments, Inc., Palo Alto, CA), and the d > 1.006 g/ml fraction was separated in a 10 ml exponential salt plus sucrose gradient extending from d = 1.0 1 to 1.4 g/ml, which has been described and validated previously (3 1, 33) . IDL (d = 1.006 to 1.0 19 g/ml), LDL (d = 1.0 19 to 1.063 g/ml), HDL (d = 1.063 to 1.2 1 g/ml), and very high density lipoprotein (d > 1.2 1 g/ml) float in fractions 1, 2-8, 9-17, and 18-20, respectively. HDL was further divided into "light" (fractions 9-13) and "heavy" (fractions 14-17) subspecies, corresponding approximately to HDLP and HDL3. TG, PL, CH, and UC were determined in whole plasma, VLDL, and the d > 1.006 g/ml lipoprotein fractions. Fractions 9-20 and whole plasma were analyzed for apo A-I.
Analytical techniques. Total and esterified CH were determined by gas chromatographic analysis of extracts of saponified and nonsaponified samples containing a known amount of 0-sitosterol as an internal reference (4). Plasma and lipoprotein phospholipids were determined by extraction of samples by sequential addition of 50 volumes of methanol and 50 volumes of chloroform. Extracts were dried under nitrogen, digested with 7% perchloric acid and phosphorus determined by the method of Rouser et al. (22) . Phosphorus values were converted to phospholipid values using a factor of 25.
Proteins were determined by a modified Lowry technique (1 5) using crystalline bovine albumin standards. Density gradient apoproteins were analyzed by the SDS-PAGE method of Laemmli (1 3); separating gels were a 10-20% polyacrylamide gradient. Gels were stained with 0.05% Coomassie brilliant blue and destained in the solutions of Weber and Osborn (30) .
Apo A-I was determined by the immunoelectrophoresis (rocket) method of Laurel1 (14) using antibodies prepared in rabbits (7, 8) . The assay was linear in the range of 30-325 ng of A-I purified by a preparative SDS polyacrylamide gel electrophoresis method modified from Weber and Osborn (30) . All sample dilutions were made in 0.024 M barbital buffer (pH 8.6). Preand postoperative samples for a subject were always run on the same immunoassay plate. The within and between assay coefficients of variation were 5 and 7%, respectively.
Electron microscopy. Samples for electron microscopy were exhaustively dialyzed against deionized water containing 1 mM EDTA and 0.02% sodium azide at pH 7.6. Lipoproteins were negatively stained for electron microscopy with 2% phosphotungstate solutions (pH = 5.9). To insure uniformity in morphological analysis of density gradient fractions, lipoproteins were floated on Formvar-coated grids from equal fraction volumes for 3 s. Negative staining was then carried out for 2 min in an identical manner for all gradient fractions. Gradient fractions 5 (LDL), 8 (Lp-X and heavier LDL), and 12 (HDL) were chosen for study.
Reference values. Table 2 presents lipoprotein lipid and apo A-I values determined in our laboratory on pooled plasma from normolipidemic adults, normal full term infants, and a normal 9-month-old infant. The data are presented for comparison with patient data although comparison of the pre-with the postoperative values are more instructive. We have measured apo A-I in only one control infant. For comparison, Poley et al. (20) give a value of 107.8 + 36.5 (SD) mg/dl for four control infants, and the range for normal adult values in our laboratory is 90-150 mg/dl.
RESULTS
Biochemical studies of liver function. Table 1 shows results of biochemical evaluation of liver function of the patients before surgery and 1 and 5 wk after surgery. Both patients had a rapid decline in direct bilirubin with patient A returning to normal by 5 wk and patient B by 1 wk after surgery. The serum transami- * All concentrations are mg/dl, rounded to the nearest integer for clarity.
Normolipidemic adults (n = 12). pooled samples. $ AGA full-term infants (n = 4); X (range).
9 Otherwise healthy infant evaluated for gastroesophageal reflux. nases were initially only moderately elevated. They returned to normal by 5 wk in patient B, but patient A's values remained elevated, probably because of the more prolonged intrauterine obstruction. Similarly, the serum GGTP and 5'-nucleotidase declined to normal values by 5 wk in patient B but remained elevated above normal in patient A. Liver histology further supported the more severe hepatic injury sustained by patient A (1 8).
Preoperative plasma and lipoprotein parameters. Before surgical relief of extrahepatic obstructions, both patients exhibited extensive derangement of their plasma lipoproteins. As illustrated in Table 3 , plsma UC and PL concentrations were increased while apo A-I was decreased. Patient A was also hypertriglyceridemic.
Most of the plasma lipids were in the d > 1.006 g/ml fraction (LDL + HDL). The results of the subfractionation of this fraction by density gradient ultracentrifugation are shown in Figures 1A  and 2A . These profiles differ from those of normolipidemic individuals in the following respects: 1) UC is the predominant form of CH throughout the gradient; 2) most of the PL is found in fractions 1-13; 3) in fraction 7 and 8 (d = 1.049-1.064 g/ml) there was a 2: 1 mass or 1: 1 molar ratio of PL to UC, suggesting the presence of Lp-X; 4) there was very little cholesterol in the "heavy" HDL region of the gradient (fractions 14-20); and 5) the total concentration of apo A-I contained in the HDL region of the gradient (fractions 9-20) was low.
The apoproteins of fractions 1 -15 as qualitatively determined by SDS-PAGE in the preoperative sample of patient B are shown in Figure 3A . Patient A's data are not shown but are similar. Such gels from normal fasting individuals contain only apo B in fractions 1-8 (IDL, LDL) and apo A-I, A-11, E, and C in fractions 9-1 5 (HDL). The gels of the patients differ from those of normals in: 1) the additional presence of apos E, A-I, and C in the LDL density region, 2) in the case of patient A, a second apo E peak in fractions 8 and 9, and 3) reduced apo A-I, A-11, and C in the HDL region (fractions 9-15). Figure 4 demonstrates the morphological abnormalities of lipoproteins in the LDL (gradient fraction 5; Fig. 4A ), Lp-X and heavier LDL (fraction 8; Fig. 4B ), and HDL (fraction 12; Fig.  4C ) density regions of plasma from patient A. Whereas a control infant and normal adults exhibit particles of a uniform size and shape in the LDL region (data not shown), patient A had a heterogeneous population of particles with many larger than normal. In fraction 8, the typical stacked discs of Lp-X were evident, and in fraction 12, various abnormal HDL shapes, including stacked discoidal particles and larger, spherical forms, were seen. Patient B had similar abnormalities (data not shown).
Postoperative recovery in plasma and lipoprotein parameters. Five weeks after surgery, plasma UC and PL levels had decreased considerably ( Table 3 ). The fraction of cholesterol which was esterified was normal in patient B, but patient A's was 64%, still slightly subnormal. Plasma apo A-I and TG levels were normal. Patient B's recovery was much faster than that of patient A, with much improvement occurring by 1 wk. The difference in response after surgery probably reflects the difference in severity of their liver injury. and Lp-X, and increases of apo A-I, PL, and EC in the HDL the only protein in the LDL region and apo A-I, A-11, C, and E density region, predominantly in the "heavy" HDL subspecies in fractions 9-15 (Fig. 3B) . Patient A's apolipoprotein pattern (fractions 14-1 7). was similar to patient B at 5 wk; however, some apo E remained The apoprotein composition of density gradient fractions 1-in fractions 6-9 (data not shown). 15 of the 5 wk postoperative samples differed sharply from Patient A demonstrated near normal morphology of negatively preoperative values (Fig. 3) . Patient B was normal, apo B being stained samples of LDL, Lp-X and heavier LDL, and HDL, but some stacked discs were still evident in the Lp-X region (Fig. 4, relief were the subject of a recent report from this laboratory D-F). Patient B had completely normal lipoprotein morphology (32) . In the only similarly studied case in childhood, Cohlan and (data not shown).
Kayden ( 5 ) studied a 22-month-old infant with reversible hyperlipidemia due to choledochal cyst. Over the first 4 days after DISCUSSION surgery, the plasma cholesterol level fell from a preoperative concentration of 1860 to 720 mg/dl, and then to normal by 3 Lipoprotein abnormalities which occur in adult patients during months. Electrophoretic lipoprotein analysis showed an elevation extrahepatic biliary obstruction and their recovery after surgical in the @ lipoprotein (LDL) fraction with a large percentage /IS ET AL.
contributed by an unusual P lipoprotein with a flotation rate of Sfl 1. Although not appreciated at that time, this unusual lipoprotein was probably Lp-X. They also reported that no a lipoprotein (HDL) was detected in the preoperative sample. In the postoperative samples, the ,6 lipoprotein levels fell and on the 1 lth postoperative day, a lipoprotein was detectable for the first time.
The methods used in the present study have enabled us to characterize the alterations in lipids, apoproteins, and particle morphology in the d > 1.006 g/ml plasma lipoproteins. The density gradient profiles in the preoperative samples of our pediatric patients are strikingly similar to those abnormalities found in adult patients with obstructive cholestasis. UC is the predominant form of CH throughout the gradient with a maximum in the LDL region. Most of the PL is found in fractions 1-13. There is very little CH in the "heavy" HDL region of the gradient (fractions [14] [15] [16] [17] [18] [19] [20] . The small amount of apo A-I detected in the gradient is found only in the "heavy" HDL and plasma protein pool region.
Lp-X is an abnormal particle usually seen in patients with severe cholestasis. Efforts have been made to use Lp-X as a screening test to differentiate neonatal hepatitis from extraheptic biliary atresia (l2,20), but overlap has prevented it from gaining acceptance. Recently, observing the change in Lp-X after cholestyramine treatment has been advanced as a refinement which increases the discriminant value (19) . The LDL region of density gradients from preoperative samples from our patients demonstrated albumin in fractions 7 and 8 coincident with UC and PL concentration in a 1: 1 molar ratio and morphological alterations indicating the presence of Lp-X. Similar changes have been observed in adult patients with cholestasis (10) .
After surgical correction of the extrahepatic biliary obstruction in these patients, the lipoprotein abnormalities in the d > 1.006 g/ml plasma fraction promptly reversed. PL concentrations decreased steadily throughout the period of follow-up. EC increased rapidly, and UC fell concomitantly. Apo A-I concentration increased in the HDL region. As EC and apo A-I concentrations increased, the morphology of the HDL reverted to normal. As recovery proceeded, apolipoproteins other than apo B disappeared from the LDL region, and LDL morphology became normal. The maxima observed in the PL and UC concentrations in fractions 7 and 8 of the density gradient of preoperative samples disappeared as did the morphologically abnormal stacked discs, indicating disappearance of LP-X. Albumin and apo E disappeared in fractions 4-12. The pattern of recovery in these pediatric patients is remarkably similar to that observed in adults after correction of extrahepatic biliary obstruction (32) . Minor differences between our two patients probably relate to the more severe liver disease suffered by patient A which may have affected the early recovery of HDL apo A-I. These children, like adults with obstruction, tend to have a preferential recovery of the "heavier" HDL species after surgery in contrast to the recovery of the "light" HDL seen after alcoholic hepatitis (33) . Several pathophysiological aberrations resulting from extrahepatic obstruction probably contributed to the abnormal lipoproteins seen in our patients (23) . With obstruction the regurgitation of biliary lipid appears to be the primary event altering plasma lipoproteins. This causes plasma CH to rise by ill-defined mechanisms; synthesis may be increased (6) . Lp-X also results from retention of biliary lipid (16) . These abnormalities were seen in both of our patients, and both promptly recovered after surgery. Reappearance of Lp-X in plasma of patients after hepatoportoenterostomy for biliary atresia has been interpreted as an indicator of surgical failure (20) . Similarly, if Lp-X does not promptly disappear or if it reappears from patients after surgical correction of choledochal cyst, it should cause the adequacy of the drainage procedure to be questioned. Hepatocellular injury and feathery degeneration which result from prolonged severe obstruction cause other mechanisms to come into play. A deficiency of LCAT, the enzyme which catalyzes the formation of CE from UC, probably plays a central role in the formation of apo E enriched, apo A-I depleted discoidal HDL particles (23) (24) (25) . Such particles have been observed in perfusates of in vitro rat liver preparations exposed to an LCAT inhibitor and in humans with alcoholic hepatitis and familial LCAT deficiency (1, 1 1, 17, 2 1, 29) . Unfortunately, we did not measure LCAT activity, but LCAT has been shown to be low in adults with biliary obstruction and low plasma EC (1, 21, 29) . Apo A-I is a cofactor for LCAT activity, and the low apo A-I observed in our patients could accentuate any LCAT deficiency (9) . The interpretation of the HDL data from our patients is far from clear. Patient A had far advanced cirrhosis and lower auo A-I than ~a t i e n t B. but her EC was hieher when -expressed as an absolute concentration or as a fraction of CH. After surgery, patient B' s abnormalities corrected promptly while patient A improved more slowly. After 5 wk patient A's apo A-I was normal, but EC was unchanged in concentration and subnormal as a fraction of CH (64 versus 70% for patient B). We have interpreted this as reflecting the severity of her liver injury. These inconsistencies are dificult to explain and probably indicate other factors are operative. Nevertheless, failure of the HDL abnormalities to correct after surgery probably indicates extensive hepatocellular injury has occurred. This is the first detailed study of the lipid, apoprotein, and morphological changes of plasma d > 1.006 g/ml lipoproteins in young children recovering from extrahepatic biliary obstruction. These abnormalities appear to correct promptly after surgical repair if little hepatic injury has occurred. The recovery patterns were very similar to those of adults. These data suggest that plasma lipoproteins could be important prognostic indicators of recovery in infants with extrahepatic biliary obstruction.
NTD, osmotic pumps filled with either folate or saline were placed subcutaneously in pregnant hamsters on the 6th day of gestation. Animals were then exposed to ethanol or heat on the morning of day 8. No significant protection from NTD was evident among fetuses from mothers supplemented with folate despite significant elevations in their red cell folate levels on day 8 of gestation. Experimental results from several animal species suggest that hyperthermia during the time of neural tube closure may lead to NTD (7, 8, 15, 26) . Furthermore, epidemiologic studies suggest the human embryo is not immune to such effects (2, 10, 14, 21) . Such studies suggest that as many as 10% of live births and 14% of human abortuses with NTD may have been exposed to hyperthermia during early gestation (25) . Other studies have documented frequent occurrences of anencepahly following epidemics of febrile illnesses such as influenza (5, 6, 13) . Similarly, experimental studies suggest that exposure to high doses of
